ABSTRACT
INTRODUCTION
High temperature oxidation-resistant alloys based on nickel contain chromium and aluminum as alloying 
EXPERIMENTAL

Materials
The Cr 2 0 3 -Al 2 0 3 solid solutions were prepared by mixing powders of 99.99% purity in the required ratio, compacting the mixture into pellets, and heating at 1823
Κ for 85 h in a steam of Ar gas. Nickel chromite Vegard's law. This behavior will be explained on the basis of cation distribution later in this article. The particle sizes of the spinel and corundum solid solutions used in this study were in the range 15 to 25 μπι.
Tie-line determination
The equilibration procedure for the determination of tie-lines connecting the spinel and corundum solid 
RESULTS
The equilibrium compositions of spinel solid solutions coexisting with corundum solid solution at 
-RΤ In3 = -25011 J.mol" 1 (9) Experimental information on cation distribution in 
Since the compound contains two transition metal ions, octahedral site preference energies of Ni +2 and Cr +1 obtained from optical spectra using crystal field theory are used /ll/. The Jahn-Teller entropy associated with Ni +2 ion is compensated by a similar contribution from
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Cr +1 ion on the tetrahedral site. Since enthalpy change for the exchange reaction has a large positive value, NiCr 2 0 4 has the normal spinel structure at low temperature and the cation distribution changes very slowly with increasing temperature.
For each element, the ionic fractions on the two sites are related to the composition of the spinel solid solution by mass balance:
where X represents the mole fraction of NiAl 2 0 4 in the solid solution. Combining Eqs. 9,12 and 14:
Similarly, by combining Eqs. 11, 12 and 13:
The sum of ionic fractions on each site is unity: 
The enthalpy of mixing for the spinel solid solution Ni" 5 CrO 2 -Ni 0 s A10 2 is compared to other chromitealuminate spinel solid solutions (/V/ U ";Cr02-Mo<; A10 2 , where Μ = Fe, Μη, Co, Mg) /1-3/ and to corundum solid solution /2/ in Fig. 8 . The enthalpies of mixing of the spinel solid solutions were obtained using the same procedure as used in this study, whereas the values for the corundum solid solution were obtained from direct emf measurements. Enthalpy of mixing of AI +1 and Cr +1 ions in the corundum structure is higher than in the spinel structure; the octahedral site of the corundum 
Metal-Spinel-Corundum Three Phase Equilibria in the System
Cation distribution model of O'Neill and Navrotsky
Based on lattice energy considerations, O'Neill and Navrotsky /12/ suggested that in pure spinel compounds enthalpy change accompanying cation disordering is a quadratic function of disorder parameter, λ, which represents the ionic fraction of the trivalent ion in the tetrahedral site:
Δ Η/) is the enthalpy change for disordering from perfect normal spinel to a disordered state characterized by λ. It is related to the enthalpy change for the intracrystalline ion exchange reaction (AH cx ) by: In addition to the entropy contribution arising from the distribution of cations between the two sites, there is and
where V\ and V 2 are termed as molar volumes of smaller and larger components respectively, (r-O), being the sum of the octahedral cation radius (nm) and the oxygen anion radius (0.14 nm).
From least square regression analysis of the regular solution parameter (ft) as a function of Δ Κ for substituting trivalent cations in many 2-3 and 4-2 spinel solid solutions, O'Neill and Navrotsky /13/ suggested: W = 239300 ΔΚ + 300 J.mol" (31)
Values of AV = 0.1291 and W = 31193 J.mol"' are obtained for the NiAl 2 0 4 -NiCr 2 0 4 system from cationic radii for the octahedral coordination given in Table 3 and Eqs. 29 to 31. For the reduced system Ni 0 <jCrO 2 -Ni 0 .sAlO 2 , the value of W is half (15597 J-mol"'). The 
CONCLUSIONS
The tie-lines between spinel and corundum solid 
